Special Issue on Robotics: Science and Systems 2010
This issue of The International Journal of Robotics Research (IJRR) is the first of two special journal issues compiled from the best papers presented at the Fifth Robotics: Science and Systems (RSS) Conference, held at the Universidad de Zaragoza, Spain in June 2010. The second special issue will be published by the journal Autonomous Robots.
Since its inception in 2005, the RSS conference has continued to attract scientists working on the algorithmic and mathematical foundations of robotics, robotics applications, and analysis of robotic systems. The papers presented in this special issue represent the best of robotics research. All papers share a common theme of providing new and fundamental algorithmic insights into the principles that govern how robots and intelligent machines operate in the real world.
Guide to the special issue
RSS this year received a number of strong papers that particularly focused on results that are either bio-inspired or applicable to biological morphologies and operational regimes. The first two examples of this general theme are papers that focused on designing controllers to allow robots with unconventional morphologies to move through different media. The paper by Maladen, Ding, Umbanhowar and Goldman received the best paper award, showing a systematic analysis and implementation of a very interesting behaviour found in nature, specifically the swimming behaviour of the sandfish lizard. The paper begins with an introduction to the natural behaviours, theories and analysis of the sandfish lizard. The authors present simulation results, and experimental results that confirm the fidelity of the simulation. At a very different scale, Hwang, Braive, Rémy, Cavanna, Ouerghi, Robert-Philip, Beveratos, Haliyo, Sagnes and Régnier provide an analysis of the electroosmotic propulsion used to enhance propulsive force by helical nanobelt swimmers that were originally propelled using a rotating magnetic field. The ideas and propulsion analysis contribute to research in the field of actuation in microrobotics.
The range of operational regimes addressed by these bioinspired robots highlights the need for control systems that can adapt themselves to task requirements. Buchli, Stulp, Theodorou and Schaal describe a new approach to variable impedance control using reinforcement learning. Their paper describes the PI² algorithm that allows a humanoid robot to interact effectively with the environment, performing tasks that require very different properties of the controller. By learning a variable gain schedule, the robot is able to retain energy efficiency when appropriate, but at the same time accomplish tasks that require high-gain controllers.
In a different vein, Ruddy and Hunter describe a new approach to the design of direct-drive linear permanent magnet motors, which theoretically allows for force densities and efficiencies comparable to those of biological muscles. Their results are highly significant for the design and development of robotic actuators. Aerial robots using flapping-wing propulsion are of particular interest in robotics, but currently available motors are not capable of simultaneously achieving the necessary power density, force density and efficiency. This paper demonstrates motors that are capable of high performance, and provide a set of analyses that point the way forward in developing motors that meet the necessary requirements for sustained flapping flight.
Moving from control to motion planning, this issue contains two papers from motion planning, one of the core areas of robotics. Randomized motion planning algorithms such as probabilistic roadmaps (PRMs) and rapidly-exploring random trees (RRTs) have been used very successfully to solve motion planning in high-dimensional spaces. Karaman and Frazzoli describe new algorithms, PRM* and RRT*, that extend the state of the art to provide new performance guarantees in terms of optimality. This paper additionally gives a number of analytical results that solidifies the foundations of randomized motion planning to a considerable extent.
In the second of two papers in motion planning, van den Berg, Abbeel and Goldberg describe an extension of randomized motion planning in information space. The problem of motion planning under state and model uncertainty has received increasing attention in robotics, as vehicles are being deployed in scenarios with imperfect sensing capabilities and limited prior knowledge. The LQG-MP paper describes a randomized planning algorithm that incorporates the full state uncertainty into the sequential decision making process, giving additional robustness to the robot's performance.
The International Journal of Robotics Research 30 (7) The paper of Boots, Siddiqi and Gordon on planning with predictive state representations continues to attack one of the critical problems in planning under uncertainty, which is how to represent the underlying information space. Conventional representations, e.g. LQG controllers, POMDPs, etc., either constrain the representation too much, or incur too large a penalty in terms of computational complexity. Predictive state representations (PSRs) have had the promise of finding a good balance between representational power and complexity, but have been difficult to apply to realworld domains. This paper argues convincingly that PSRs are useful not only in identifying the appropriate representation but in generating good plans. In particular, Boots et al. demonstrate that PSRs efficiently deal with problems with many dimensions and long horizons, which are particularly relevant to robotics applications.
Turning from planning and control to estimation, Smith, Posner and Newman address one of the open problems in estimation and model learning, specifically efficient representation of the environment. Robot mapping has had tremendous success in developing three-dimensional models of environmental geometry from laser data, but the underlying representations of dense point clouds are computationally complex to manipulate and storage intensive. This paper describes an approach to compressing data using non-parametric regression based on Gaussian processes. Non-parametric regression is not by definition any less computationally costly, but Smith et al. provide a novel parameterization that describes how to sparsify the data, achieving two orders of magnitude reduction in data complexity while preserving the quality of the representation.
Finally, Liu and Shell provide an algorithm for performing task assignment under uncertainty, a problem of growing interest as multi-vehicle robot systems become more capable and the missions grow correspondingly more complex. The Hungarian algorithm has been used in many robotics problems, including task allocation, data association and linear programming, but the assignment typically assumes the problem parameters are known exactly, which is rarely the case. As a result, the assignments are usually brittle and must be recomputed regularly as the model changes. Liu and Shell provide a computationally efficient algorithm that incorporates interval uncertainty on the model parameters, opening an interesting avenue of exploration into optimization strategies that explicitly incorporate uncertainty in the problem, leading to more robust and stable solutions over time.
Although the papers included in this volume were selected as representing RSS, all authors who presented papers at RSS 2010 are to be thanked for their support, and congratulated for representing the state of the art in robotic inference and planning algorithms.
